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FOREWORD 


This  report  has  been  prepared  by  Hughes  Tool  Company  -  Aircraft 
Division  under  Army  Contract  DA  44- 1 77 - TC-832,  Clause  2  Paragraph 
c,  which  requires  a  report  containing  the  detailed  analysis,  design  and 
operation  of  a  Hot  Cycle  Rotor  Duct  Closure  Valve  System  for  single 
engine  operation. 

Design  work  presented  in  this  report  is  a  continuation  of  a  previous 
preliminary  study  covering  the  need,  possible  designs,  and  location  of 
duct  closure  valves.  That  study  was  made  and  reported  in  the  "Hot 
Cycle  Rotor  System  Engine -Rotor  Control  Study",  Reference  No.  1, 
prepared  under  Contract  AF  33(600)-30271 . 

This  work  was  performed  at  the  Hughes  Tool  Company  -  Aircraft 
Division,  Culver  City,  California,  under  the  direction  of  Mr.  H.  O. 

Nay,  Manager,  Transport  Helicopter  Department,  and  under  the  direct 
supervision  of  Mr.  J.  L.  Velazquez,  Senior  Project  Engineer,  Hot 
Cycle  Program. 

The  Contract  was  effective  on  December  29,  1961.  The  work  was 
completed  on  June  22,  1962. 
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1 .  SUMMARY 


A  detailed  study  of  various  methods  for  changing  the  effective 
nozzle  area  of  the  hot  cycle  rotor  system  to  provide  acceptable  single - 
engine  operation  has  been  made  using  preliminary  concepts  developed 
in  Reference  1.  Thermodynamic,  aerodynamic,  structural  and  eco¬ 
nomic  considerations  led  to  the  selection  of  outboard  duct  closure 
valves  mounted  in  both  ducts  adjacent  to  the  blade  tip  cascade.  A  de¬ 
scription  of  the  mechanical  design  and  operation  is  given,  and  the 
structural  integrity  is  substantiated  by  a  detailed  stress  analysis. 
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2.  INTRODUCTION 


The  need  of  a  blade  duct  closure  valve  for  the  hot  cycle  research 
aircraft  was  established  in  the  "Hot  Cycle  Rotor  System  Engine-Rotor 
Control  Study",  Reference  No.  1.  The  research  aircraft,  the  prelim¬ 
inary  design  of  which  has  been  completed  under  the  present  Army  Con¬ 
tract  DA  44-177-TC-832,  uses  two  gas  generator  versions  of  the 
General  Electric  T64  engine.  In  order  to  sustain  flight  with  one  engine 
inoperative,  flow  must  be  restricted  to  approximately  50  percent  of  the 
rotor  tip  nozzle  area  in  order  to  achieve  maximum  power  from  the  re¬ 
maining  operating  engine.  After  studying  several  valve  configurations, 
a  design  was  selected  that  closes  off  a  portion  of  each  rotor  blade 
nozzle  by  means  of  a  pivoted  vane  at  the  outboard  end  of  each  duct. 

For  single -engine  operation,  these  vanes  rotate  and  close  off  50  per¬ 
cent  of  the  total  tip  nozzle  exhaust  area.  The  following  sections  of  this 
report  contain  the  configuration  selection,  detailed  design,  operation, 
and  stress  analysis  of  these  valves. 


3.  DUCT  VALVE  CONFIGURATION  SELECTION 


Section  4  of  Reference  1  discusses  the  requirement  and  function  of 
blade  duct  valves.  It  also  discusses  two  general  types  of  possible  valve 
configurations;  namely,  (1)  root  valve,  and  (2)  blade  tip  cascade  clo¬ 
sure  valve,  along  with  some  of  their  advantages  and  disadvantages.  It 
further  states  that  a  final  choice  of  blade  duct  valve  location  must  be 
based  on  further  study. 

Since  the  writing  of  Reference  1,  a  study  has  been  conducted  of 
both  configurations  with  respect  to  their  detail  design,  function,  effect 
on  propulsive  efficiency,  and  effect  on  blade  structural  integrity.  This 
study  has  resulted  in  the  selection  and  final  detail  design  of  the  blade 
tip  cascade  valve. 

Initial  thinking  pointed  toward  the  design  of  a  valve  to  be  installed 
in  the  blade  root  where. the  lower  centrifugal  g  field  would  simplify  the 
mechanical  design.  However,  investigation  showed  that  this  type  of 
installation  would  give  rise  to  structural  and  performance  problems  in 
the  blade  when  the  inboard  valve  was  actuated  to  close  off  one  duct. 

The  structural  problems  arose  from  stresses  produced  by  differential 
pressure  and  temperature  considerations.  Static  pressure  in  the  ac¬ 
tive  duct  of  approximately  24  psig  combines  with  approximately  -6  psig 
in  the  closed  off  duct  to  produce  in  the  order  of  30  psig  pressure  differ¬ 
ence  between  the  two  ducts.  The  negative  pressure  in  the  closed  off 
duct  results  from  centrifugal  pumping  and  tip  vortex  negative  pressure 
field.  This  30-psig  pressure  difference  would  overstress  the  structure 
separating  the  ducts.  An  additional  overstress  results  from  thermal 
stresses  produced  by  the  temperature  difference  between  the  ducts  of 
approximately  1000  degrees  Fahrenheit.  In  order  to  solve  these  struc¬ 
tural  problems,  substantial  redesign  and  modification  work  would  be 
required  on  the  present  rotor  at  a  cost  that  would  be  unacceptable  with¬ 
in  the  funding  limitations  of  this  project. 

From  the  thermodynamic  efficiency  point  of  view,  it  has  been  de¬ 
termined  that  allowing  both  ducts  to  function  during  single-engine  oper¬ 
ation  yields  35  percent  more  available  power  than  that  available  by 
restricting  the  flow  to  one  duct.  This  improvement  results  from  the 
elimination  of  leakage  from  one  duct  to  the  other  and  the  lower  friction 
losses  associated  with  using  both  ducts  for  the  gas  flow  from  one 
engine. 
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Summarizing,  the  selected  design  of  the  blade  tip  cascade  valves, 
by  closing  off  one-half  of  each  cascade  exit  and  allowing  equal  temper¬ 
atures,  pressures,  and  mass  flow  to  exist  in  each  duct,  eliminates  un¬ 
acceptable  structural  and  thermodynamic  features  of  the  root  installa¬ 
tion.  Effects  of  the  higher  centrifugal  forces  at  the  tip  on  design 
complexity  are  offset  by  improved  accessibility  and  simplified  work 
required  for  modification  to  the  existing  blades. 
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4.  MECHANICAL  DESIGN 


The  blade  tip  cascade  valves  will  be  either  fully  closed  or  open, 
depending  upon  whether  one  engine  or  two  engines  are  operating.  Their 
functioning  will  be  automatic  with  manual  override.  A  pressure  sensor 
will  compare  total  engine  discharge  pressures.  Following  a  pressure 
drop  due  to  engine  failure,  an  electrical  actuator  will  be  energized 
which  will  operate  the  linkage  to  close  the  valves.  The  pilot  can,  by 
manual  switch  selection,  return  the  valves  to  the  open  position  when 
dual-engine  operation  has  been  restored.  The  pilot  will  also  have  the 
capability  of  closing  the  valves  in  the  event  of  the  malfunction  of  the 
automatic  system. 

Mechanical  design  of  the  rotor  blade  duct  closure  valves,  as  lo¬ 
cated  close  to  the  tip  cascade,  is  influenced  by:  (a)  a  high  g  field  (857 
g  max.),  (b)  a  high  operating  temperature  (1200  degrees  Fahrenheit), 
and  (c)  the  necessity  for  a  seal  to  operate  at  approximately  30  psi.  The 
following  drawings  show  the  layout  and  details  of  the  valves. 


Figure 
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Drawing 

Layout -Cascade  Valve 

Tip  Assembly,  Sheets  1  and  2 

Forward  Duct  Valve 

Aft  Duct  Valve 

Forward  Duct  Sector 

Aft  Duct  Lever 


With  an  operating  temperature  of  1200  degrees  Fahrenheit,  a  nickel 
base  high-temperature  alloy,  Rene  41,  was  selected  for  use  for  almost 
all  components.  This  metal  has  performed  quite  well  in  the  hot  cycle 
rotor  ducting  system.  (See  Reference  2).  Rene  41  corrosion  resistant 
steel  in  the  aged  condition  has  an  ultimate  strength  of  194,  000  psi,  and 
a  yield  strength  of  145,  000  psi  at  1200  degrees  Fahrenheit.  In  addition 
to  high  strength,  using  the  same  metal  throughout  minimizes  the  possi¬ 
bility  of  interference  of  moving  parts  due  to  thermal  expansion.  From 
recent  experience  with  the  hot  cycle  rotor  sealing  problems  as  reported 
in  Reference^,  it  has  been  found  that  heat  cycling  tends  to  cause  warp- 
age  of  most  metals.  This  action  could  also  cause  interference  or  sei¬ 
zure  of  moving  parts.  To  minimize  this  problem,  the  room  tempera¬ 
ture  clearances  of  all  moving  parts  is  made  as  large  as  possible. 
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Figure  1.  Layout- Cascade  Valve. 
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Before  proceeding  too  far  into  the  actual  valve  design,  a  study  was 
made  of  the  pressure  loading  involved.  These  loads  are  reported  in 
the  aerodynamic  section  of  this  report.  As  stated  on  page  31,  the  valve 
pivot  point  is  located  a  short  distance  aft  of  the  aerodynamic  center  and 
this  location  creates  an  unstable  loading  condition  during  the  initial 
starting  period.  To  correct  this  instability,  springs  are  added  to  the 
forward  duct  sector  (Figure  3)  to  hold  both  forward  and  aft  valves  in  a 
steady  state  open  position. 

The  valves.  Figures  3  and  4,  are  fabricated  from  a  machined 
framework  covered  with  an  0.  10-inch  skin  which  is  brazed  to  the 
framework.  (Along  the.  upper  and  lower  edge  and  leading  edge,  a  0.  006- 
inch  thick  lip-type  seal  is  brazed  in  place.  All  seals  are  designed  so 
that  gas  pressure  aids  in  the  sealing  action.  )  A  nickel- silicon-boron 
brazing  material  has  been  selected  which  becomes  a  liquid  at  approxi¬ 
mately  1900  degrees  Fahrenheit.  After  brazing,  the  assembly  is  aged 
at  1400  degrees  Fahrenheit  for  16  hours  and  air  cooled  to  give  maximum 
strength. 

As  mentioned  previously,  the  valves  are  actuated  by  electrical  ac¬ 
tuators  located  at  the  inboard  end  of  the  blade.  Present  plans,  formu¬ 
lated  for  expediency  and  lower  cost  advantages,  call  for  the  off-the- 
shelf  purchase  of  electrical  actuators  to  operate  from  a  28-volt  DC 
supply  source,  have  a  travel  of  ±3,  and  exert  a  force  of  680  pounds 

percent.  These  actuators  will  not  be  irreversible  and  will  be  self- 

+  2o 

locking,  thus  preventing  the  valves  from  returning  to  the  open  position 
in  case  of  electrical  power  failure.  Upon  being  energized  by  the  engine 
failure  sensor,  these  actuators  apply  a  tension  force  to  the  long  rods 
running  along  the  front  spars.  Each  of  these  rods  in  turn  pulls  on  a 
load-equalizing  pulley  cable  system  at  the  rotor  blade  tip.  (See  Figure 
1.  )  The  cable,  by  pulling  on  the  forward  sector  and  aft  lever,  rotates 
both  forward  and  aft  valves  to  the  closed  position.  All  driving  compo¬ 
nents  are  symmetrical;  that  is,  there  is  an  upper  and  lower  cable, 
sector,  connecting  rod,  and  aft  lever.. 

Returning  the  valves  to  the  open  position  is  accomplished  as  fol¬ 
lows.  First,  the  inboard  actuators  release  their  pull;  then,  if  the 
blades  are  rotating,  gas  pressure  and  centrifugal  force  are  sufficient 
to  force  the  valves  to  the  open  position.  In  the  absence  of  gas  pressure 
and  centrifugal  force,  the  two  springs  pulling  on  the  section  shown  in 
Figure  5  return  both  valves  to  their  open  position. 
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5.  INFLUENCE  OF  VALVE  GEOMETRY  AND  LOCATION 
ON  ROTOR  PERFORMANCE 


An  aerothermal  study  to  determine  the  most  suitable  geometry  and 
location  of  a  valve  to  provide  optimum  rotor  performance  for  a  one- 
engine-out  emergency  condition  is  summarized  in  Figure  7.  The  sys¬ 
tems  consider  partial  blockage  of  each  duct  at  the  blade  tips  (point  a); 
a  complete  blockage  of  one  duct  per  blade  at  the  blade  roots,  with 
(curve  b)  and  without  (curve  c)  low-pressure  duct  ventilation,  to  relieve 
base  pressure  at  the  exit  of  the  blocked  duct;  separate  ducts  for  each 
engine  and  also  tip  blockage  of  one  duct  for  one  engine  out  and  no  duct 
interleakage  (point  d);  a  sonic  throat  at  the  engine  exit  to  maintain  the 
required  engine  pressure  for  on-line  operation  (point  e);  and  a  design 
which  provides  no  mechanical  means  to  improve  rotor  power  for  a  one- 
engine -failed  condition  (point  f). 

The  gas  generator  discharge  conditions  were  taken  from  Reference 
3  with  the  basic  twin  engine  military  power  operating  point  correspond¬ 
ing  to  maximum  operating  level  at  the  operating  limit  (maximum  allow¬ 
able  turbine  inlet  temperature  and  cycle  pressure  ratio).  Gas  flow 
rate  and  total  pressure  at  the  blade  tips  were  found  from  consideration 
of  tip  nozzle  flow  characteristics,  engine  operating  characteristics, 
duct  losses  and  centrifugal  pumping  effects.  The  losses  are  related  to 
the  duct  Mach  number  and  are  based  on  10  percent  total  pressure  loss 
for  the  basic  twin  engine  operating  condition.  Nozzle  thrust  efficiency 
and  flow  characteristics  are  taken  from  Reference  4.  Corrections  to 
rotor  power  are  made  for  those  cases  in  which  base  drag  and/or  in¬ 
ternal  drag  are  incurred. 

Generally,  to  obtain  maximum  rotor  power,  the  nozzle  exhaust 
area  should  be  that  required  to  match  the  exhaust  pressure  for  normal 
operation  of  the  functioning  T64  engine.  Also,  the  used  portion  of  the 
nozzle  exhaust  area  should  be  as  close  to  the  blade  tip  as  possible  to 
provide  the  maximum  moment  arm,  and  duct  pressure  and  leakage 
losses  should  be  minimized.  Since  some  of  these  requirements  are 
mutually  exclusive,  a  compromise  is  in  order. 

Utilization  of  the  most  outboard  position  of  the  cascade  nozzle  im¬ 
plies  complete  blockage  of  the  trailing  blade  ducts  since  they  exhaust 
inboard  of  the  leading  ducts.  Blockage  may  be  effected  at  either  blade 
roots  or  tips.  With  the  roots  blocked,  leakage  from  the  forward  duct 
to  the  rear  duct  through  the  flexible  joints  occurs.  A  leakage  rate  of 
roughly  5  percent  Is  expected  and  results  in  a  rotor  power  of  1060 
horsepower  (point  g)  compared  to  the  1380  horsepower  available  with 
no  leakage  (see  Figure  7).  With  the  rear  duct  tips  blocked,  the  leakage 
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-TWIN  ENGINE  DUCT  CONFIGURATION  WITH  ONE-HALF 

1  OF  EACH  DUCT  EXIT  BLOCKED - 

-SEPARATE  DUCTING  SYSTEM  FOR  EACH  ENGINE. 

ALSO,  COMPLETE  TIP  BLOCKAGE  OF  ONE  DUCT - 


1200 


1000 


'■GAS  EXHAUSTED  THROUGH  ONE  DUCT  AND  NOZZLE 
IN  EACH  BLADE  EXCEPT  FOR  LEAKAGE 
'(LOW  PRESSURE  DUCTS  SEALED  AT  ROOTS). - 


-CORRESPONDS  TO  MEASURED 
LEAKAGE  RATE  ON  ROTOR  BLADES 


600 


45 


40 
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GAS  EXHAUSTED  THROUGH  ONE  DUCT  AND  NOZZLE 
IN  EACH  BLADE  EXCEPT  FOR  LEAKAGE  (LOW 
PRESSURE  DUCTS  VENTED  fO  ATMOSPHERE  AT  ROOTS). 

130 


SONIC  THROAT  AT  ENGINE 
"EXIT  TO  MAINTAIN  ENGINE) 
OPERATING  POINT,  TWIN  ENGINE' 
DUCT  AND  EXIT  CONFIGURATION. 


15 


*^NO  CHANGE  FROM  TWIN 
^  ENGINE  CONFIGURATION 


-f  10 


_ ‘THOSE  POINTS  IDENTIFIED  BY© 

CORRESPOND  TO  PRESSURE  EQUALIZA¬ 
TION  BETWEEN  FORWARD  AND  REAR 

200  I -  DUCTS  AND  THEREFORE  NO 

INTERLEAKAGE. 

- , - 

)  MAXIMUM  POWER  WITH  TWO  ENGINES  AT  SAME  CONDITION  =  2900  HP 

2. )  BASE  DRAG  OF  EXITS  WITH  NO  FLOW  IS  INCLUDED  | 

3. )  DEAD  ENGINE  IS  ISOLATED  BY  DIVERTER  VALVE 

.10  .20 


LEAKAGE  FROM  HIGH  TO  LOW  PRESSURE  DUCTS 
(EXPRESSED  AS  A  FRACTION  OF  ONE  ENGINE  TOTAL  FLOW) 

Figure  7.  Maximum  Rotor  Power  for  Various  Modes  of 
Single-Engine  Operation. 
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PERCENT  OF  TWIN  ENGINE 
MAXIMUM  ROTOR  POWER 


problem  is  solved.  However,  with  complete  blockage  of  one  duct,  all 
the  flow  passes  through  the  remaining  duct,  causing  the  frictional 
pressure  loss  to  be  four  times  as  great  as  if  the  same  flow  had  been 
ducted  through  both  ducts  having  half  of  their  exit  areas  blocked.  The 
latter  system  provides  1430  horsepower  compared  to  1380  horsepower 
for  tip  blockage  (i.  e.  ,  no  leakage)  of  one  duct.  Additionally,  the  par¬ 
tial  tip  blockage  of  both  ducts  eliminates  the  interleakage  problem  and, 
due  to  reduced  vane  size,  gives  the  advantage  of  smaller  aerodynamic 
moments  and  loads  at  the  valve  axle. 

The  comparison  cases  for  a  system  using  no  duct  blockage,  a 
sonic  throat  at  engine  exit  to  maintain  on-line  operation,  and  low- 
pressure  duct  ventilation  to  relieve  base  pressure  at  the  exit  of  a 
blocked  duct  all  show  a  drastic  reduction  in  rotor  power.  Also,  it  is 
interesting  to  note  that  for  a  system  employing  separate  ducting  for 
each  engine,  the  thrust  corresponds  to  that  of  the  single  duct  tip  block¬ 
age  case  (1380  horsepower),  50  horsepower  less  than  for  the  selected 
system. 


The  table  below  provides  a  comparison  of  the  rotor  power  yielded 
by  each  system  and  shows  the  general  advantage  of  the  tip  valve  con¬ 
figuration  which  provides  partial  blockage  of  each  duct. 


System 

Available 
Rotor  hp 

Description 

1 

1430 

Partial  tip  blockage  of  both 
ducts 

2 

1380 

Separate  duct  system  for 
each  engine 

3 

1115 

Gas  exhausted  through  oiie 
duct,  low  pressure  duct 
vented,  no  leakage 

4 

1060 

Gas  exhausted  through  one 
duct  in  each  blade, 

5%  leakage 

5 

780 

Sonic  throat  at  engine  exit 

6 

365 

No  change  from  twin 
engine  configuration 

Improvement  from  original  System  #4  to  System  #1  =  0 — 

1 06  0 
=  35% 
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6.  VALVE  AERODYNAMIC  LOADS  AND 
TEMPERATURE  GRADIENTS 


Pressure  Loads  on  Vane 


The  pressure  loads  on  the  closed  cascade  diverting  vanes  are  al¬ 
most  entirely  due  to  duct  static  pressure  since  the  upstream  static 
pressure  is  approximately  97  percent  of  the  total  pressure.  A  negative 
pressure  gradient  occurs  on  the  vanes  in  the  direction  of  flow  due  to  the 
acceleration  of  fluid  in  passing  from  full  duct  area  to  the  smaller  area. 
This  pressure  gradient  is  assumed  linear.  Also,  the  rotor  tip  vortex 
causes  a  subambient  pressure  at  the  loaded  rotor  tip,  resulting  in  a 

downstream  pressure  on  the  vanes  to  be  estimated  as  (P  ,  -  1.5  ) 

amb  q.  ,  ,  ' 

mlade 

at  S.  L.  standard  conditions;  where  is  the  dynamic  pressure  at 

^blade 

the  rotor  tip  at  240  rpm. 

The  resulting  pressure  differentials  at  the  edges  of  the  vanes  are 
given  below  for  two  power  levels  for  the  T64-GE-6  engine. 


Max.  Power 


(psi) 

Upstream  edge  of  vane  in  forward  duct  32.  2 

Downstream  edge  of  vane  in  forward  26.  0 

duct 

Upstream  edge  of  vane  in  rear  duct  32.  2 

Downstream  edge  of  vane  in  rear  duct  31.0 


Military  Power 
(psi) 

30.8 

25.2 

30.  8 
29.  6 


(Corresponding  locations  are  shown  in  Figure  8.  ) 


Aerodynamic  and  Inertia  Moments 


The  forces  acting  on  the  cascade  diverting  vanes  were  computed  to 
determine  if  the  vanes  will  remain  in  the  through  position  until  manually 
closed  for  one -engine  operation.  The  effects  of  the  weights  of  the  link¬ 
age  and  control  system  were  also  considered.  Since  both  vanes  are 
interconnected,  the  system  was  analyzed  by  taking  a  summation  of 
moments  about  the  forward  diverter  vane. 
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PRESSURE  DIFFERENTIALS  ALONG  EDGES  OF  VANES 


Figure  8.  Pressure  Differentials  Along  Edges  of  Vanes. 
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The  conditions  investigated  are  maximum  power  at  240  rotor  rpm 
and  maximum  power  at  zero  rotor  rpm  (conservative  estimate  simulat¬ 
ing  starting  conditions). 

Results  indicate  that  the  vane  aerodynamic  forces  create  a  negative 
moment  (nose  down)  about  the  pivot  due  to  the  pivot  point  being  located 
aft  of  the  aerodynamic  center.  However,  as  shown  in  Figure  9,  the  net 
resulting  moment  is  positive  due  to  the  high  moments  from  the  centrif¬ 
ugal  force  of  the  mass  of  the  linkage  and  control  system.  The  large 
increase  in  positive  moment  at  approximately  10  degrees  vane  angle  is 
due  to  the  aft  shift  of  the  aerodynamic  center  to  approximately  50  per¬ 
cent  chord  resulting  from  vane  stall. 

The  dash  curve  on  Figure  9  shows  the  conservative  estimate  of  the 
negative  aerodynamic  moments  about  the  vane  during  a  starting  condi¬ 
tion  where  the  assumed  gas  velocities  through  the  blade  ducts  are  con¬ 
sistent  with  maximum  engine  power  and  zero  rotor  rpm. 

The  conditions  investigated  indicate  that  the  vanes  will  remain  in 
the  through  position  except  during  the  initial  starting  conditions. 

Listed  below  are  a  few  of  the  methods  to  overcome  the  negative 
aerodynamic  moments  of  the  vane  during  starting  conditions. 

a.  Addition  of  a  preload  spring  to  maintain  the  vanes  in  the  through 
position  (approximately  100  inch-pounds  preload). 

b.  Starting  the  rotor  system  on  a  single  engine  with  vane  closed 
until  full  rotor  rpm  is  attained. 

c.  Relocating  the  vane  pivot  point  forward  of  the  aerodynamic 
center  (1/4  chord). 

Method  "a"  is  the  system  selected  for  the  research  vehicle  since 
"b"  causes  high  thermal  stresses  across  the  vane  and  "c"  causes  a 
mismatch  of  present  cascade  geometry. 

Temperature  Gradients  Across  Vane 


In  order  to  estimate  the  temperature  drop  across  the  cascade  valve, 
the  following  assumptions  were  made: 

a.  Valve  closed  after  steady  state  has  been  reached  (transient 
analysis  showed. this  to  be  the  most  serious  condition). 

b.  Temperature  on  the  inboard  side  of  the  valve,  T^  =  1200 
degrees  Fahrenheit. 
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FORWARD  VANE  ANGLE  oc  IN  DEGREES 


Figure  9-  Total  Moment  About  the  Forward  Vane. 


0.  8. 


c.  Nozzle  pressure  ratio,  NPR  =  2.75,  y  =  1.35. 

d.  Emissivity  of  all  metal  surfaces  are  equal,  e  = 

e.  Heat  transmission  between  the  valve  and  environment  is  by 
radiation  only. 


Extreme  cases  are  analyzed  with  the  environment  temperature 
assumed  at  different  levels  to  cover  probable  conditions.  Effects  of 
conduction  and  convection  are  counteracted  by  the  conduction  from  hot 
parts  and  the  leakage  of  hot  gas.  The  isentropic  exhaust  conditions 
corresponding  to  a  nozzle  pressure  ratio  =  2.  75  are  Mach  number 

'  Tr  ' 


=  1.31  and  temperature  ratio 


1.  3. 


Thus,  the  temperature  of  the  exit  jet  is  T^_  =  1280  degrees  R  or  820 

degrees  Fahrenheit. 


Nomenclature 


Case  1.  No 


Temperature  of  the  inboard  wall  of  the  valve 

Temperature  of  the  outboard  wall  of  the  valve 

Temperature  of  the  cascade  and  vicinity 

Temperature  of  the.  jet 

Heat  transfer  quantity  per  unit  area 

Stefan  Boltzman  constant 

shielding  from  exhaust  jet  by  cascade. 

1200°F 

820°F;  equal  to  the  temperature  of  the  jet 


T 


4 


T 


4 

3 


4  4 

T  +  T 
1  3 


It57  +.,..l--69  x  io12  =  5.  i3xio12 


33 


T2  =  1510°R  or  1050°F 

AT  =  T  -  T2  =  1200  -  1050  =  150°F 

Case  2.  Complete  shielding  from  exhaust  jet  by  cascade  which  is 
assumed  to  be  at  600°F. 

Tj  =  1200°F 

T3  =  600°F 

T  4  =  7.--57  7  V.  27  1012;  T,  =  1450°R  or  990°F 

4  2,  4 

AT  =  Tx  -  T2  =  1200  -  990  =  210°F 

Case  3.  Complete  shielding  by  cascade  assumed  to  be  at  400°F- 
T,  =  1200°F 

T3  =  400°F  or  860°R 

T24  =  7.  57  -  0.  55  X  1012  =  1.  37  X  1012 

2 

T2  =  1370°R  or  910°F 
At  =  Tx  -  T2  =  1200  -  910  =  290°F 

Case  4.  Complete  shielding  by  cascade  which  exchanges  radiation  with 
the  exhaust  gas.  (For  this  case,  radiation  of  the  hot  gas  is 
taken  into  account)-  T2  and  T^  are  unknown. 

T1  =  1200°F 

T4  =  820°F 

It  is  also  assumed  that  the  cascade  (represented  by  T^)  on  the  outside 
exchanges  radiation  with  the  hot  gas  only. 

n  4-4-  44  444 

=  0. 8(TX  -  T2  )  =  0.  8(T2  -  T3  )  then  T3  =  2T'2  -  T ^ 

also  (see  Reference  5  for  definition  of  constants) 
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q 

A  <r 


i 


4  4 

GT4  '  aGTS 


0.  8  +  1 

_  .  4  4 

2 

0.1  T4  -  0.  9  T3 

=  0.  9 


4  4 

0.  it4  -  0.  9T3 


=  0.9 


4  4  4 

0.  1T4  -  0.  9  (2T2  -  Tj  ) 


T2  = 
AT  = 


1490  °R  =  1 030  °F 


T1  -  t2  =  1200  -  1030  =  170  F 


On  the  basis  of  calculations  of  Case  1  through  Case  4  with  assumptions 
as  stated,  the  temperature  difference  between  the  valve  walls  between 
the  ribs  does  not  exceed  300  degrees  Fahrenheit.  The  temperature 
difference  on  the  ribs  of  the  valve  is  estimated  not  to  exceed  200  degrees 
Fahrenheit. 
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APPENDIX  A 


STRESS  ANALYSIS 


Duct  Closure  Valves 


The  following  pages  contain  the  stress  analysis  of  the  cascade 
closure  valves  and  the  operating  mechanism.  Loads  on  the  valves  are 
due  to 


i)  Pressure 

ii)  Centrifugal  effects 

iii)  Thermal  gradients. 

Information  on  (i)  was  obtained  from  Reference  12. 

Information  on  (ii)  was  obtained  from  Reference  10. 

Information  on  (iii)  was  obtained  from  Pages  33-35. 

Analysis  of  the  basic  tip  structure  was  made  where  this  varied 
from  the  previous  configuration,  particularly  in  the  areas  where  the 
valves  are  mounted.  However,  a  general  analysis  of  the  structure 
inboard  of  the  new  tip  assembly  (which  will  have  increased  centrifugal 
loadings,  due  to  increase  of  tip  weight)  has  not  been  performed  at  this 
date  and  will  be  part  of  the  redesign  to  steel  spars. 

Concept  of  Single  Valve  Located  Inboard 

The  analysis  of  one  duct  operating  alone,  based  on  the  concept  of 
a  valve  located  inboard,  is  found  on  page  80.  This  analysis  indicates 
that  the  basic  support  structure  for  the  duct  is  understrength  for  such 
a  configuration. 
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completed.  The  analysis  has  resulted  in  detailed  design  I  completed.  The  analysis  has  resulted  in  detailed  design 
drawings.  This  duct  closure  valve  system  is  an  effec-  I  drawings.  This  duct  closure  valve  system  is  an  effec¬ 
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